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Background and purpose — Although the results of primary total 
hip replacements (THRs) are generally excellent, sometimes seri-
ous complications arise. Some of these severe complications are 
considered to be patient injuries. We analyzed primary THR-
related patient injuries in a nationwide setting.
Patients and methods — We evaluated all the primary THR-
related patient injury claims in Finland between 2008 and 2010. 
We used the original medical records and 2 nationwide registries, 
the Care Register for Social Welfare and Health Care and the 
Patient Injury Claim Register.
Results — We identifi ed 563 claims, 44% of which were com-
pensated (n = 250). Of these 250 compensated claims, 79% were 
considered to be avoidable (treatment injuries) and 21% were 
severe unexpected infections (with a preoperative infection risk 
of less than 2%). The most common type of technical error was 
cup malposition (31%). High-volume hospitals (with an annual 
primary THR volume ≥ 400) had a lower patient injury rate. In 
lower-volume hospitals (with an annual primary THR volume of 
< 400), the relative risks (RRs) of patient injury for any reason, 
due to technical errors, or because of cup malposition were 2-fold 
(95% CI: 1.6–3.1), 4-fold (95% CI: 2.3–6.2), and 9-fold (95% CI: 
3–28), respectively, compared to high-volume hospitals.
Interpretation — Our study provides the fi rst comprehensive 
nationwide data on THR-related patient injury types. Hospital 
volume was associated with the quality and quantity of errors 
detected. An annual hospital volume of ≥ 400 primary THRs was 
established as a protective factor against patient injuries. 
■
Although total hip replacement (THR) is considered to be a 
safe procedure, early complications and re-admission rates 
from 8% to 10% have been reported after primary THR 
(DeHart and Riley 1999, Khatod et al. 2006, Fehringer et al. 
2010, Namba et al. 2012, Wolf et al. 2012). Most of these 
early complications cannot be avoided; nor do they lead to sig-
nifi cant harm to the patient, e.g. superfi cial wound infections 
(Walmsley et al. 2005). However, sometimes serious and even 
fatal complications arise (Parvizi et al. 2001, 2007) and some 
of these can be considered to be patient injuries.
Learning from accidents is a widely used cornerstone of 
safety analysis, and in medicine, complications are an impor-
tant source of information. Patient injuries have been shown 
to occur mainly during routine procedures (Regenbogen et al. 
2007) and they represent the more severe end of the spectrum 
of complications (May and Stengel 1990, Sloan and Hsieh 
1995, Studdert et al. 2000, Bismark et al. 2006, Dunbar and 
Sabry 2007). For a complication to be considered a patient 
injury in the Finnish “no-fault” insurance system, it must 
fulfi ll 1 of the 7 compensation criteria defi ned in the Patient 
Injury Act, and the consequences for the claimant must be suf-
fi ciently severe (Table 1). Therefore, only avoidable or suf-
fi ciently severe complications may qualify as patient injuries.
Primary THR has been the leading cause of patient insur-
ance claims in Finland for years (Statistics of Finnish Patient 
Insurance Center, 2015). In Finland, patients fi le a claim after 
THR up to 26 times more avidly than after hospitalization in 
general (Järvelin et al. 2012). Previous studies have indicated 
that high-volume hospitals and surgeons, continuous advances 
in intraoperative care, and improved surgical techniques may 
reduce postoperative complications, morbidity, and mortality 
after primary THR (Parvizi et al. 1999, Katz et al. 2001, Yasu-
gana et al. 2009, Ravi et al., 2014). The purpose of this study 
was to investigate the types of injury, the mechanisms, and 
the factors that lead to patient injuries after primary THR in a 
nationwide setting.
Patients and methods
The patient insurance scheme in Finland (“no-fault”)
Nordic countries including Finland have adopted a “no-fault” 
patient insurance system (Mikkonen 2004) based on the con-
cepts of “preventability” and “tolerability” rather than “neg-
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ligence”, as in the tort insurance systems used in the UK and 
the USA. In Finland, patient injury claims are resolved by the 
Patient Insurance Center, and only rarely do they advance to 
the legal system and the courts. Claims are handled if less than 
3 years have passed from the moment the patient became aware 
of the injury. In its decision making, the center uses external 
medical experts and all available information about the case. 
Copies of all patient documents are requested from the health-
care institutions involved in the treatment of the claimant. The 
Patient Insurance Center accepts or rejects claims based on the 
criteria defi ned in the Patient Injury Act (Järvelin 2012). The 
main compensation criteria for typical THR-related complica-
tions are shown in Table 1.
Study period and registry sources
Patient injury claims were collected from the Patient Insur-
ance Center Claim Register (see below). The Care Register for 
Social Welfare and Healthcare (HILMO) was used as a source 
of patient characteristics for all THR recipients (Table 2), and 
of hospital primary THR volumes (Table 3). The data were 
collected from the HILMO between 2005 and 2010. The time 
period was chosen to ensure that the control THR recipients 
(“non-claimants”, Table 2A–C) were operated on during the 
same time period as the claimants due to the allowed 3-year 
delay in claim fi ling (see above). Altogether, 93% of patient 
injury claimants who fi led a claim in the period 2008–2010 
had their primary operation between 2005 and 2010. The 
3-year average hospital volumes were used in the RR analy-
ses, as the patient injuries were also collected from the 3-year 
time period.
Patient Insurance Center data collection
Data on all patients who had fi led a claim relating to pri-
mary THR surgery in Finland between January 1, 2008 and 
December 31, 2010 were collected from the claim register of 
the Patient Insurance Center. Claims related to primary THR 
with surgical procedures NFB30–62 according to the Nordic 
Medico-Statistical Committee’s classifi cation of surgical pro-
cedures (NCSP) were included in the study. Patients who had 
hip fracture as a cause of THR were excluded (Figure 1). The 
original patient documents, radiographs, and claim decisions 
were reviewed (by TH) and analyzed. The information and 
variables collected included patient characteristics (age, sex, 
diagnoses), the hospital, and detailed characteristics of the 
operations (operated side, surgical approach, surgeon’s expe-
rience, and type of implant (cemented vs. cementless)).
Categorization of hospital volume
Hospitals performing primary THRs in Finland were catego-
rized into 4 groups according to the average annual volume of 
each hospital between 2005 and 2010. Overall, 67 hospitals 
were grouped based on volume as follows: < 100 (group 1), 
100–199 (group 2), 200–399 (group 3), and ≥ 400 (group 4). 
Group 4 hospitals (later referred to as “high-volume centers”) 
were used as the reference group in the relative risk (RR) anal-
yses in Table 3, to investigate the effect of hospital volume on 
types of patient injury. Other hospital groups were also com-
pared with each other (Table 3). No uniform categorization 
of hospital volume exists in the literature. The high-volume 
group 4 hospitals were all university teaching hospitals.
Analysis of associated factors
We investigated how different factors (age, sex, primary diag-
nosis, operation type, and annual primary THR volume of the 
operating hospital) were associated with claim fi ling and claim 
Table 1. Compensation criteria
Main criteria a:   Compensatable if:
Treatment injury An experienced clinician would have acted 
differently and thus avoided the severe 
harm and/or injury to the patient.
Infection injury Based on patient’s comorbidities and 
medications, the preoperative infection risk 
is below 2% and the consequences for the 
patient are suffi ciently severe.
Unreasonable injury A severe injury that led to permanent harm 
or death and was unpredictable judging by 
her illness and health status in general and 
the healthcare or medical care given.
Specifi c treatment injury events: Compensatable if b:
Postoperative infection The patient has suffered a DSSI that has 
led to severe consequences e.g. (1–) 2 
subsequent reoperations/revisions or 
permanent removal of the implant (Girdle-
stone procedure) and prolonged aftercare.
Cup or stem malposition Component malpositioning leading to sig-
nifi cant clinical symptoms/adverse event 
leading to reoperation(s). Could have been 
avoided with more careful surgical execu-
tion.
Cup or stem instability Component instability could have been 
avoided with more careful surgical execu-
tion, and has led to a reoperation.
Leg length discrepancy Unplanned postoperative leg length dis-
crepancy of more than 1.5 cm.
Fracture The fracture has been overlooked during 
the operation or the osteosynthesis has 
been inadequate.
Nerve or vascular injury Inability to protect the surrounding nerves 
or vasculature during the operation (e.g. 
documented direct injury, inability to locate 
and protect the ischias nerve when using 
posterolateral approach, unintentional 
leg length discrepancy leading to paresis, 
severe vascular injury).
Delay in treatment A delay that has led to the severe harm/
injury to the patient.
Insuffi cient diagnostics Some signifi cant clinical or radiological 
fi ndings have been overlooked or misdiag-
nosed, leading to severe harm/injury to the 
patient.
a Defi ned in detail in the Patient Injury Act (Järvelin et al. 2012).
b Each claim is evaluated individually; thus, the criteria here are 
   directional.
DSSI: deep surgical site infection.
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decisions. We also determined whether patients operated on in 
various volume hospitals differed regarding these factors. 
Classifi cation of compensated treatment injuries
The Patient Injury Act categorizes all compensated claims 
into 7 classes. We divided the treatment injuries into 6 sub-
classes, which were further analyzed and divided according to 
the type of error or the injury mechanism. The classifi cation of 
compensated patient injuries is shown in Figure 2.
Statistics 
Unless otherwise stated, analyses were conducted using the 
chi-square test. Logistic multivariate regression models were 
used when patient-specifi c variables were available, and they 
were tested using STATA 12 software. Statistical signifi cance 
was set at an alpha level 0.05. Relative risk and 95% confi -
dence intervals (CIs) were calculated according to Gardner and 
Altman (1994). Group 4 hospitals were used as the reference 
group in RR calculations. The number of treatments needed to 
cause a compensatable technical error for lower-volume hos-
Common problems raised by claimants were pain and/or dis-
satisfaction with the function of the artifi cial hip joint. One or 
both were addressed in the majority of the claims associated 
with treatment injuries. Some other specifi c clinical problems 
reported by claimants in their claims included infections (n = 
121), nerve damage (n = 111), leg length discrepancy (n = 85), 
fracture treatment (n = 55), dislocation (n = 41), and delay in 
treatment (n = 17). The compensation rates for these were as 
follows: infections 44%, nerve damage 36%, leg length dis-
crepancy 28%, fracture treatment 20%, dislocations 71%, and 
delays in treatment 35%.
Patient-related and operation-related variables asso-
ciated with patient injuries
THR recipients were more inclined to fi le a claim if they 
were under 65 years of age, if they were operated with fully 
cementless implants, or if they were operated in hospitals 
that performed less than 400 primary THRs annually (Table 
2A–C). Infection claimants were also more often males and 
more often operated in group 1–3 hospitals (Table 2B). Com-
pitals (groups 1–3) was calculated based on 
absolute risk reduction (Cook and Sackett 
1995, Bender 2001). 
Ethics
Permission to carry out the study was 
obtained from the Finnish Ministry of Social 
Affairs and Health (STM/4724/2011). The 
study was conducted according to the Dec-
laration of Helsinki. Data handling was per-
formed according to Finnish data protection 
legislation.
Results
During the study period, 563 THR-related 
claims were resolved by the Patient Insur-
ance Center (Figure 1). The incidences of 
all fi led claims and of fi led infection claims 
during the study period were 2.6% and 
0.6%, respectively. Of all the claims fi led, 
44% were compensated (Figure 2). Of all 
the compensated claims, 79% were treat-
ment injuries and 21% were infection inju-
ries (Figure 2). The incidences of compen-
sated claims and of compensated infections 
were 1.2% and 0.2%, respectively. The 
overall risk for patient injuries was lower 
for patients who were operated on  in high-
volume hospitals (Group 4) (Table 3). 
Patient-reported reasons for fi ling a 
claim
Figure 1. Flow chart of data collection. NFB: any primary hip arthroplasty operation; NFC: any 
hip revision operation; NFJ: any hip fracture operation; NGB: any primary knee arthroplasty; 
NGC: any revision knee arthroplasty. a 2 claims of 10 were from high-volume hospitals (group 
4). 9 claims were treatment injury claims, and 1 was an infection claim (group 3).  
 
 
 
  
Insurance claims recorded as 
primary THA (NFB30–62) 
n = 590 
Compensated primary THR claims
n = 264
Non-compensated claims
n = 326
Excluded (n = 39):
– Operation because of hip
   fracture (n = 20)
– Registry errors (n = 9)
– Original patient records
   unavailable or decision
   pending (n = 10)  b  
  
Included compensated primary THR claims
n = 250  
Treatment injuries
n = 197  
Infection injuries
n = 53
Included (registry errors)
n = 12
All patient injury claims in Finland associated
with hip surgery (NFB a, NFC a, NFJ a)
between years 2008 and 2010
n = 934
Other than NFB30–62 
n = 344
Non-compensated 
patient injury claims
n = 313
 
n = 26
Recorded as compensated
n = 141 
Claims registered with surgical 
codes NGB a or NGC a
(n = 641)  
         
n = 13
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Compensated 
patient injuries 
(n = 250) 
Treatment 
injuries (n = 197) 
Infections       
(n = 53)  
Unjustiﬁed 
operation 
(n = 5) 
Perioperative 
technical errors 
(n = 189) 
Cup side     
errors         
(n = 80) 
Other      
errors       
(n = 28) 
Inadequate 
fracture treatment 
(n = 22) 
Multiple      
errors         
(n = 36)  d
 
• Instable 
implant  
• Malposition 
Classiﬁcation of 
compensation criteria 
based on Patient Injury 
Act (n = patients) 
Detailed grounds for 
compensations 
(n = patients) 
Treatment delay 
or insufficient 
aftercare (n = 9) 
Technical error type 
(n = patients)  
 
• Missed fracture 
intraoperatively 
• Inadequate 
osteosynthesis 
• Direct injury e.g. cut, 
suture, blunt trauma 
• Nerve not identiﬁed 
using posterolateral 
approach 
• Distension e.g. leg 
length discrepancy 
• Unclear mechanism 
21% 79%
96% 3% 5%
42% 12% 15% 
Multiple 
grounds      
(n = 10) 
5% 
• Cementing 
problems
• Inadequate 
closure 
• Incompatible 
components 
Stem side 
errors         
(n = 54) 
29%
10% b  
Leg length 
discrepancy 
(n = 19) c 
• Instable 
implant  
• Malposition 
19% 
2% 
Insufficient 
diagnostics     
(n = 4) 
23% 
Detailed mechanisms 
of injuries 
 
Failure to protect the 
surrounding structures 
(n = 43) a 
Figure 2. Types of patient injury. a Nerve or vascular lesions/injuries. b Percentage (%) of all perioperative technical errors. c Unplanned leg length 
difference of > 2 cm due to stem malposition. d Two patients had 3 errors.
Table 2. Patient and operation characteristics (expressed as %)
 Age Sex   Diagnosis  Operation  Hospital volume
  n ≥ 65 < 65 Men Women POA a Other NFB30 b Other ≥ 400 < 400
             
A Non-claimants 42,579 58 42 44 56 86 14 52 48 33 67
 All claimants 563 52 48 43 57 86 14 58 42 21 79
 p-value    0.005 c      0.6         0.6      0.005 c   < 0.001 c 
              
B Non-claimants 43,021 58 42 44 56 86 14 52 48 33 67
 Infections 121 57 43 61 39 89 11 54 46 23 77
 p-value       0.9   < 0.001 c      0.4        0.8        0.03 c 
             
C Non-claimants 42,700 58 42 44 56 86 14 52 48 33 67
 Treatment injuries 442 47 53 38 62 85 15 60 40 21 79
 p-value    < 0.001 c    0.01 c      0.3      0.002 c     0.001 c 
             
D Denied 313 50 50 41 59 84 16 58 42 24 76
 Compensated 250 48 52 45 55 87 13 58 42 18 82
 p-value       0.2        0.3        0.3        1.0        0.05 
             
E < 400 (group 1–3) 443 52 48 44 56 88 12 58 42 … …
 ≥ 400 (group 4) 120 50 50 40 60 76 24 58 42 … …
 p-value       0.4        0.4   < 0.001 c      0.5      
The patient and operation characteristics of total hip replacement (THR) recipients in Finland between 2005 and 2010 are 
presented as percentages of all in the group. Patients were characterized based on age, sex, and diagnosis. Operations 
were characterized based on operation type and hospital volume. Lines A, B, and C show the comparison of variables 
associated with claim fi ling among all  claimants, infection claimants, and treatment injury claimants compared to all THR 
recipients who did not fi le a claim (“non-claimants”). Rows marked D show a comparison of the characteristics of denied 
and compensated claimants. Rows marked E show the characteristics of patients who were operated in high-volume 
 hospitals (group 4) and lower-volume hospitals (groups 1–3). 
a Primary osteoarthrosis (POA).
b Cementless THR based on NOMESCO classifi cation of surgical codes.
c Statistically signifi cant. Calculated using chi-square test. Any p-values < 0.05 were considered statistically signifi cant.
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pared to group 4 hospitals, for THR recipients who were oper-
ated in group 1–3 hospitals, the RRs for fi ling a claim for any 
reason—due to infection or due to treatment injury—were 1.8 
(CI: 1.5–2.2), 1.6 (CI: 1.1–2.4), and 1.8 (CI: 1.5–2.3), respec-
tively (Table 3). None of the variables were associated with 
Patient Insurance Center claim decisions (Table 2D). Since a 
higher proportion of denied claims in group 4 hospitals was 
noted (p = 0.05), a multivariate logistic regression model anal-
ysis was also conducted. Analysis showed only a trend (odds 
ratio (OR) = 1.5, CI: 0.97–2.3; p = 0.07). Patients operated 
in high-volume centers (group 4) were otherwise similar to 
THR recipients operated in lower-volume hospitals (groups 
1–3) for all patient-related and operation-related characteris-
tics, but statistically signifi cantly more patients with second-
ary causes of osteoarthritis were operated on in high-volume 
centers (group 4) than in group 1–3 hospitals (Table 2E).
Types of injury
Compensated THR-related patient injuries were divided into 
2 categories: treatment injuries and infection injuries (Figure 
2 and Table 3).
 
Treatment injuries and technical errors
On average, every 109th and 140th THR resulted in compen-
sated treatment injury and compensated intraoperative techni-
cal error, respectively. Intraoperative technical errors were the 
single most frequently compensated type of treatment injury 
detected. Malposition of the cup was the most common type 
of intraoperative technical error (31%) based on the Insurance 
Center expert evaluations. Almost half (47%) of patients with 
cup malposition had dislocation after their primary opera-
tion and 85% of compensated claimants with dislocation had 
a malpositioned cup. Malposition of the stem was the most 
common compensated error on the femoral side. It accounted 
for 61% of stem-side technical errors, 58% of which resulted 
in leg length discrepancy. Inability to protect the surround-
ing nerves and blood vessels was a reason for compensation 
in 43 technical error claims (22%). 3 of these were vascular 
injuries, all of which were operated on using the anterolateral 
(Harding) approach. Of all nerve injuries, a direct injury was 
detected in one-third of cases. Of all claimants compensated 
for nerve injuries, two-thirds had been operated on via the 
posterolateral approach.
Table 3. The relative risks (RRs) of claims, patient injuries, and specifi c technical error types in Groups 1–3 with Group 4 as reference group
    Hospital group (annual volume) a   
 All   Group 4 (≥ 400) Group 3 (200–399) Group 2 (100–199) Group 1 (< 100)
 n = 21,571 b n = 7,032 b n = 3,525 b n = 6,326 b n = 4,688 b
  n n n RR (95% CI) n RR (95% CI) n RR (95% CI)
Risks for fi led claims:
 All  563 120 98 1.6 (1.3–2.1) d 205 1.9 (1.5–2.4) d 140 1.8 (1.4–2.2) d
 Infection  121          28 18 1.3 (0.7–2.3) 47 1.9 (1.1–3.0) d 28 1.5 (0.9–2.5) 
 Treatment injury  442         92 80 1.7 (1.3–2.3) d 158 1.9 (1.5–2.5) d 112 1.8 (1.4–2.4) d
Risks for compensated claims:
 All 250         44 40 1.8 (1.2–2.8) d 106 2.7 (1.9–3.8) d,e 60 2.1 (1.4–2.4) d
 Infection (intolerable injury) 53         12 6 1.0 (0.4–2.7) 23 2.1 (1.1–4.3) d 12 1.5 (0.7–3.3)
 Treatment injury (avoidable injury)  197         32 34 2.1 (1.3–3.4) d 83 2.9 (1.9–4.3) d 48 2.3 (1.4–3.5) d
Risks for specifi c avoidable injuries:
 Any technical error  189 30 31 2.1 (1.3-3.4) d 83 3.1 (2.0-4.7) d  45 2.3 (1.4-3.6) d
 Any cup-side error  80 6 14 4.7 (1.8–12) d         40 7.4 (3.1–18) d 20 5.0 (2.0–12) 
 Cup malposition 58 3 9 6.0 (1.6–22) d       29 11    (3.3–35) d 17 8.5 (2.5–29)  d
 Any stem-side error    54 10 7 1.4 (0.5–3.7) d 23 2.6 (1.2–5.4) d 14 2.1 (0.9–4.7) d
 Stem malposition 33 6 3 1.0 (0.3–4.0) 15 2.8 (1.1–7.2) d 9 2.3 (0.8–6.3) d
 Instable implant      44 7 9 2.6 (1.0–6.9) 19 3.0 (1.3–7.2) d 9 1.9 (0.7–5.2) 
 Implant malposition    99 11 12 2.2 (1.0–4.9) 47 4.8 (2.5–9.2) d,f 29 4.0 (2.0–7.9) d
 Nerve and vascular injuries     43 13 7 1.1 (0.4–2.7) 16 1.4 (0.7–2.8) 7 0.8 (0.3–2.0)
 Leg length discrepancy     19 6 3 1.0 (0.3–4.0) 8 1.5 (0.5–4.3) 2 0.5 (0.1–2.5)
 Fracture treatment     22 2 4 4.0 (0.7–23) 8 4.5 (0.9–21) 8 6.0 (1.3–28) d
 Other surgical errors c    29 1 5 10    (1.2–85) d       9 10    (1.3–79) d 14 21    (2.8–160) d
 Multiple technical errors    34 1 5 10    (1.2–85) d     12 12    (1.6–95) d 16 22    (3.0–170) d
Table shows the relative risks (RRs) and 95% confi dence intervals (CIs) when group 4 hospitals were the reference group (RR = 1.00). No 
signifi cant differences between group 1 and group 3 hospitals or between group 1 and group 2 hospitals were detected. 
a Average annual primary THR volume of each hospital in the group.
b 3-year average volume of all hospitals in the group calculated between the years 2005 and 2010.
c Compensated errors associated with closure, cementing, drain pipe removal, failure to remove osteophytes, unfounded use of special 
   implants, or use of non-compatible components.
d Statistically signifi cant values compared to ≥ 400 hospitals.
e and f show the statistically signifi cant values compared to group 3 hospitals (RR of group 3 = 1.00). 
e RR = 1.5 (95% CI: 1.0–2.1). f RR = 2.2 (95% CI: 1.2–4.1).
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Infection injuries
All compensated infection injuries (n = 53) were deep surgical 
site infections. The RR of fi ling a claim because of infection 
was higher in males (RR = 1.6, CI: 1.0–2.4) (Table 2) and in 
patients who were operated on in group 1–3 hospitals (Table 
3). Compared to high-volume centers, the risk of infection 
injuries that were compensated was statistically signifi cantly 
higher in group 2 hospitals only (Table 3). 
Factors associated with patient injuries
Hospital volume. An annual hospital volume above 400 pri-
mary THRs was associated with fewer fi led claims, fewer 
compensated claims, and fewer compensated technical errors 
(Figure 3 and Table 3).
High-volume centers (group 4) performed 34% of all THRs 
in Finland. Even so, these hospitals accounted for only 21% of 
the fi led claims and for 18% of the compensated patient inju-
ries (Figure 3A). For patients who were operated on in group 
1–3 hospitals, the RR of compensations for any reason were 
increased over 2-fold (RR = 2.3, CI: 1.6–3.1), and for tech-
nical errors almost 3-fold (RR = 2.6, CI: 1.7–3.8) (Table 3). 
The number needed to treat to cause an unnecessary compen-
satable intraoperative technical error for lower-volume hospi-
tals (groups 1–3) was 150 (CI: 112–228), meaning that every 
150th THR performed in lower-volume hospitals resulted in a 
patient injury that could have been avoided by operating the 
patient in a high-volume joint center (group 4). 
The quality of technical errors was also different depend-
ing on the hospital volume (Table 3). Postoperative leg length 
discrepancy and intraoperative nerve damage were the only 
avoidable error types detected at a similar rate in all hospitals. 
In group 4 hospitals, however, these 2 error types accounted 
for 60% of all compensated technical errors, whereas in group 
1–3 hospitals the corresponding percentage was 23%. Instead, 
the risk of technical errors classifi ed as “other errors” was 13 
(CI: 2–96) times higher for patients who were operated on in 
group 1–3 hospitals rather than group 4 hospitals (Table 3).
Surgeons
Compensated intraoperative technical errors (n = 189) were 
distributed among 112 surgeons. 2 surgeons with the most 
patient injuries had operated on 8% of all patients who were 
compensated due to technical errors. Only 9 surgeons had 
more than 1 compensated technical error per year. These 9 
surgeons had operated on 24% of all claimants who were 
compensated due to technical errors, and they produced 53% 
more compensated technical errors than all group 4 hospitals 
together. Some of these 9 surgeons operated in several differ-
ent hospitals. The individual THR volumes of Finnish ortho-
pedic surgeons are not available in any register. Thus, to mini-
mize the possibility that a small number of surgeons might 
explain the association detected between hospital volume and 
patient injuries, we excluded all 9 surgeons with more than 
one technical error per year from the hospital volume effect 
calculations. After this exclusion, the risk of compensation in 
group 1–3 hospitals for any reason was still over 2-fold (RR = 
2.2, CI: 1.5–3.3), and  for technical errors almost 3-fold (RR 
= 2.9, CI: 1.7–4.9), compared to that for high-volume joint 
centers (Table 3). 
Figure 3. Hospital volume and patient injuries. A. The association between high THR volume and lower incidence of claims 
fi led, compensated claims, and perioperative technical errors. B. The number of compensated claimants with avoidable tech-
nical errors in each individual hospital performing total hip replacements (THRs) relative to hospital volume. Hospitals with 
over 50 primary THRs per year were included. The thick red  line represents the average rate of compensated claimants with 
perioperative technical errors in Finnish hospitals. Hospitals below the line performed better than the national average.
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Discussion  
Complications are important outcome measures of the quality 
of medical care. Patient injuries are usually avoidable compli-
cations due to technical errors or unexpected infections, and 
better represent the more severe end of the spectrum of com-
plications. To our knowledge, the present study is the fi rst to 
provide a comprehensive nationwide analysis of THR-related 
patient injuries, using the original patient records. 
Almost 80% of the patient injuries in Finland were caused 
by avoidable errors (treatment injuries). The average inci-
dence of compensated treatment injuries was 1 injury per 109 
THRs. The vast majority of these were intraoperative techni-
cal errors, of which cup malposition was the most common 
type of error. According to a registry analysis of almost 
180,000 revisions, dislocations and technical errors are mainly 
related to incorrect orientation of the implant and the second 
leading cause of revisions in Sweden (after aseptic loosening) 
(Malchau et al. 2002). Another study monitoring the quality 
of THR found that approximately 25% of all THRs failed due 
to factors related to technical errors (Biau et al. 2011). The 
types of injury and their frequencies found in the present study 
were also very similar to those reported earlier for closed mal-
practice claims of THR recipients in the USA (Matsen et al. 
2013). Acetabular-side errors have previously been shown to 
account for half of all technical errors in THRs (Biau et al. 
2009, 2011), and up to 60% of acetabular components have 
been shown to be in a suboptimal position, depending on the 
target ranges used (Barrack et al. 2013, Lee et al. 2014). Our 
results are in line with the literature. What our study adds to 
this knowledge is that technical errors are a clinically impor-
tant source of severe complications (patient injuries) and that 
they are associated with the THR volume of the hospital.
The overall risk of patient injury after THR was lower in 
hospitals with an annual volume above 400 THRs despite 
the fact that patients operated in these hospitals more often 
had secondary causes of osteoarthritis and therefore a higher 
degree of surgical complexity. There was also a difference in 
the quality of the errors detected between high-volume hos-
pitals and lower-volume hospitals. It has been reported pre-
viously that high-volume surgeons and hospitals have less 
complications in primary THR surgery (Lavernia and Guzman 
1995, Kreder et al. 1997, 1998, Norton et al. 1998, Battaglia 
et al. 2006, Ravi et al. 2014). One explanation for this might 
be the better routines of highly specialized surgeons and staff 
in high-volume centers. There were also hospitals of groups 
1–3 with a low incidence of patient injuries. The relatively 
short study period and also chance may partly explain this. 
It might also be that the quality of performance in some of 
these hospitals is at same level as in the high-volume centers. 
A small group of orthopedic surgeons (n = 9) performed 24% 
of all the THRs with reported compensated technical errors in 
Finland, and produced over 50% more technical errors than 
the 4 largest joint centers put together. Although we were not 
able to analyze the individual surgeon volumes, this group of 
surgeons with the most technical errors does not explain the 
association between lower hospital volume and higher inci-
dence of patient injuries. When these 9 surgeons were ana-
lyzed more closely, it was noted that some operated in differ-
ent hospitals and that some were the heads of their orthopedic 
departments. Both of these fi ndings highlight essential fl aws 
in the current supervisory process. When self-evaluation is 
practiced or when heads of orthopedic departments who are 
responsible for supervision are only aware of what happens 
in their own hospital, it is virtually impossible to control and 
eliminate these risk factors. Better coordination and corrective 
measures in the hospitals by the hospital administration—or 
establishment of a nationwide supervision body focusing on 
benchmarked performance standards—would therefore be 
benefi cial. A public register and open reporting of hospital- 
and surgeon-level performance in a way that the National 
Institute for Health and Care Excellence (NICE) in the UK 
operates would be a valuable tool for this kind of supervisory 
body, enhancing safety and improving patient care in endo-
prosthetic surgery.
When conclusions are being drawn from studies investi-
gating patient injuries, one has to take into account that the 
spectrum of complications detected is somewhat skewed, 
since a large proportion of adverse events are neither com-
pensatable nor avoidable, e.g. superfi cial infections (Walms-
ley et al. 2005). Furthermore, only some of all the complica-
tions qualify as patient injuries—and these represent the more 
severe end of the spectrum of complications. Our study there-
fore highlights what kinds of avoidable severe complications 
occur after THR. Also, reporting bias has to be accounted for. 
It has been suggested that only 3% of all patients who are eli-
gible for compensation (severe complications) ever fi le claims 
(Studdert et al. 2000, Bismark et al. 2006, Järvelin 2012). 
The average rate of patient injury claims after hospitaliza-
tion varies between 0.1% and 0.3% (Pukk et al. 2003, Järvelin 
2012). In the present study, 2.6% of all THR recipients fi led 
a patient injury claim and 1.2% were compensated. The inci-
dences were similar to those noted earlier in Finland, between 
1998 and 2003 (Järvelin et al. 2012). This shows that THR 
recipients fi le patient injury claims up to 26 times more often 
than patients in general after hospitalization. At the same time, 
the claim rejection rate among THR recipients is similar to the 
average claim rejection rate in the Patient Insurance Center. It 
is therefore clear that the THR-related patient injuries that are 
compensated (1.2%) represent more than 3% of severe com-
plications, because severe complications that are eligible for 
compensation are not experienced by 40% of THR recipients. 
This better coverage is most likely due to the substantially 
higher claim rate detected among THR recipients. Although 
many complications are not reported, the mechanisms behind 
the adverse events reported are most likely similar to those 
behind complications in general (Järvelin 2012). Studies 
investigating patient injuries are therefore an important source 
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of information about the factors and mechanisms behind the 
severe complications in THR.
Strengths and limitations
The strengths of our study included the large patient cohort 
and the prospectively collected registry data. We used 2 com-
prehensive nationwide registers in the data collection and in 
the analyses. Patient injury claims were collected from the 
registry data of the Patient Insurance Center, which manages 
all patient injury claims in Finland. Each patient injury claim 
and decision (including patient records and radiographs) was 
individually assessed by a specialist in the fi eld of endopros-
thetic surgery (TH). In Finland, operative treatments in hospi-
tals are heavily subsidized, with few socioeconomic barriers, 
resulting in national registry data that is highly generalizable. 
The no-fault insurance system also limits socioeconomic bar-
riers, as claim fi ling and handling are always free of charge to 
claimants. We combined several different data sources, which 
has been suggested to further strengthen the generalizability 
of patient injury studies (Järvelin 2012). Although Finland 
and other Nordic countries use the no-fault insurance system, 
many other countries rely on tort systems. This might affect 
the generalizability of these results beyond Nordic countries. 
However, a recent study from the USA (Matsen et al. 2013) 
found similar technical error types and rates in THR to those 
in our study. High-volume hospitals (group 4) had less patient 
injuries. Several different variables such as patient awareness, 
age, sex, and socioeconomic status may affect the likelihood 
that a patient will fi le a claim after an adverse event (Stud-
dert et al. 2000, Bismark et al. 2006, Dunbar and Sabry 2007). 
None of the variables investigated explained the better perfor-
mance of high-volume centers. It has also been suggested that 
hospital culture (active information on patient insurance) and 
patient awareness have an infl uence on the likelihood that a 
patient will fi le a claim. This is undoubtedly true; however, the 
differences between individual hospitals will most likely be 
evened out in a nationwide study. There was a trend that claims 
by THR recipients from lower-volume hospitals (groups 1–3) 
were more often accepted. This might be explained by the 
difference in the quality of errors between high-volume joint 
centers and other hospitals. Finally, we lack information on 
the surgery volumes of individual surgeons, which has been 
associated with complication rates after THR. Unfortunately, 
these data were not available in any registries. Thus, we could 
not determine how surgeon volume relates to patient injuries 
in THR. In contrast, in Finland hospital volumes give an indi-
cation of the volumes for surgeons operating in those hospitals 
because, as a rule, surgeons rarely operate in more than one 
hospital.
Conclusion
This is the fi rst nationwide study to investigate THR-related 
patient injuries in detail. We have presented the types and fre-
quencies of several complications, adverse events, and typical 
avoidable technical errors leading to patient injuries. We have 
also shown that a high annual hospital volume (above 400 
THRs) is associated with a lower incidence of fi led claims, 
patient injuries, and avoidable technical errors. In Finland, all 
high-volume hospitals are university hospitals. Individual sur-
geons play a key role in reducing avoidable patient injuries 
in THR. These fi ndings provide important new information 
for considering preventive measures against the complications 
and patient injuries in primary THR surgery. In some coun-
tries, the THR performance of hospitals is reported and pub-
lished so that anyone can follow the performance of one hos-
pital and compare it with that of other hospitals. These kinds 
of well-maintained registry could also give information about 
the individual surgeon’s performance, at least to surgeons 
themselves, and might improve patient care. Awareness of the 
usual errors related to THR and the causes of patient injuries 
should lead to improved patient safety through improved sys-
tems of care. 
All the authors contributed to the conception and design of the study, to criti-
cal analysis of the data, to interpretation of the fi ndings, and to critical revi-
sion of the manuscript. The authors wrote the manuscript together. HH and 
TH performed the statistical analysis.
We thank Reima Palonen and Saija Lehtinen of the Patient Insurance Center 
for their invaluable assistance and help. We also thank Mikko Peltola of the 
National Institute for Health and Welfare (THL) for his crucial help with 
HILMO data.
No competing interests declared. The study was funded by the Finnish Patient 
Insurance Center. 
Barrack R L, Krempec J A, Clohisy J C, McDonald D J, Ricci W M, Ruh E L, 
Nunley R M. Accuracy of acetabular component position in hip artroplasty. 
J Bone Joint Surg (Am) 2013; 95: 1760-8.
Battaglia T C, Mulhall K J, Brown T E, Saleh K J. Increased surgical volume 
is associated with lower THR dislocation rates. Clin Orthop Relat Res 
2006; 447: 28-33. Review.
Bender R. Calculating confi dence intervals for the number needed to treat. 
Control Clin Trials 2001; 22(2): 102-10.
Biau D J, Milet A, Thévenin F, Anract P, Porcher R. Monitoring surgical per-
formance: an application to total hip replacement. J Eval Clin Pract 2009; 
15(3): 420-4.
Biau D J, Meziane M, Bhumbra R S, Dumaine V, Babinet A, Anract P. Moni-
toring the quality of total hip replacement in a tertiary care department 
using a cumulative summation statistical method (CUSUM). J Bone Joint 
Surg (Br) 2011; 93(9): 1183-8.
Bismark M, Brennan T A, Davis P B, Studdert D M. Claiming behaviour in a 
no-fault system of medical injury: a descriptive analysis of claimants and 
non-claimants. Med J Aust 2006; 185(4): 203-7.
Cook R J, Sackett D L. The number needed to treat: a clinically useful mea-
sure of treatment effect. BMJ 1995; 310(6977): 452-4. Erratum in: BMJ 
1995; 310(6986): 1056.
DeHart M M, Riley L H Jr. Nerve injuries in total hip arthroplasty. J Am Acad 
Orthop Surg 1999; 7(2): 101-11. Review.
Untitled-12.indd   8 1/19/2016   7:21:21 PM
216 Acta Orthopaedica 2016; 87 (3): 209–217
D
ow
nl
oa
de
d 
by
 [T
am
pe
re 
Un
ive
rsi
ty]
 at
 02
:28
 23
 M
ay
 20
16
 
Dunbar F C, Sabry F. The propensity to sue: why do people seek legal actions? 
Bus Econ 2007; 42(2): 31-42.
Fehringer E V, Mikuls T R, Michaud K D, Henderson W G, O’Dell J R. 
Shoulder arthroplasties have fewer complications than hip or knee arthro-
plasties in US veterans. Clin Orthop 2010; (468) (3): 717-2.
Gardner M J, Altman D G. Statistics with confi dence: Confi dence intervals 
and statistical guidelines. BMJ publications, London, Reprint 1994: 51-52.
Järvelin J. Studies on fi led and compensated claims for patient injuries. 
University of Helsinki. Juvenes Print – Finnish University Print Ltd 
Tampere, Finland 2012 [serial online]. Available from: http://urn.fi /
URN:ISBN:978-952-245-750-9.
Järvelin J, Häkkinen U, Rosenqvist G, Remes V. Factors predisposing to 
claims and compensations for patient injuries following total hip and knee 
arthroplasty. Acta Orthop 2012; 83(2): 190-6.
Katz J N, Losina E, Barrett J, Phillips C B, Mahomed N N, Lew R A. Associa-
tion between hospital and surgeon procedure volume and outcomes of total 
hip replacement in the United States medicare population. J Bone Joint 
Surg (Am) 2001; 83-A: 1622–9.
Khatod M, Barber T, Paxton E, Namba R, Fithian D. An analysis of the risk of 
hip dislocation with a contemporary total joint registry. Clin Orthop Relat 
Res 2006; 447: 19-23.
Kreder H J, Deyo R A, Koepsell T, Swiontkowski M F, Kreuter W. Relation-
ship between the volume of total hip replacements performed by providers 
and rates of postoperative complications in the state of Washington. J Bone 
Joint Surg (Am) 1997; 79: 485–94.
Kreder H J, Williams J I, Jaglal S, Hu R, Axcell T, Stephen D. Are complica-
tion rates for elective primary total hip arthroplasty in Ontario related to 
surgeon and hospital volumes? A preliminary investigation. Can J Surg 
1998; 41: 431–7.
Lavernia C J, Guzman J F. Relationship of surgical volume to short-term mor-
tality, morbidity, and hospital charges in arthroplasty. J Arthroplasty 1995; 
10: 133–40.
Lee Y K, Biau D J, Yoon B H, Kim T Y, Ha Y C, Koo K H. Learning curve of 
acetabular cup positioning in total hip arthroplasty using a cumulative sum-
mation test for learning curve (LC-CUSUM). J Arthroplasty 2014; 29(3): 
586-9.
Malchau H, Herberts P, Eisler T, Garellick G, Söderman P. The Swedish Total 
Hip Replacement Register. J Bone Joint Surg (Am) 2002: 84(Suppl 2).
Matsen F A 3rd, Stephens L, Jette J L, Warme W J, Posner K L. Lessons 
regarding the safety of orthopaedic patient care: an analysis of four hun-
dred and sixty-four closed malpractice claims. J Bone Joint Surg (Am) 
2013; 95(4): e201-8.
May M L, Stengel D B. Who sues their doctors? How patients handle medical 
grievances. Law Soc Rev 1990; 24: 105-20.
Mikkonen M. Prevention of patient injuries: the Finnish patient insurance 
scheme. Med Law 2004; 23: 251-7.
Namba R S, Inacio M C, Paxton E W. Risk factors associated with surgical 
site infection in 30,491 primary total hip replacements. J Bone Joint Surg 
(Br) 2012; 94(10): 1330-8.
Norton E C, Garfi nkel S A, McQuay L J, Heck D A, Wright J G, Dittus 
R, Lubitz RM. The effect of hospital volume on the in-hospital complica-
tion rate in knee replacement patients. Health Serv Res 1998; 33(5 Pt 1): 
1191–210.
Parvizi J, Holiday A D, Ereth M H, Lewallen DG. The Frank Stinchfi eld 
Award. Sudden death during primary hip arthroplasty. Clin Orthop Relat 
Res 1999; 369: 39-48.
Parvizi J, Johnson B G, Rowland C, Ereth M H, Lewallen D G. Thirty-day 
mortality after elective total hip arthroplasty. J Bone Joint Surg (Am) 2001; 
83-A: 1524-8.
Parvizi J, Mui A, Purtill J J, Sharkey P F, Hozack W J, Rothman R H. Total 
joint arthroplasty: when do fatal or near-fatal complications occur? J Bone 
Joint Surg (Am) 2007; 89 (1): 27-32.
Pukk K, Lundberg J, Penaloza-Pesantes R V, Brommels M, Gaffney F A. Do 
women simply complain more? National patient injury claims data show 
gender and age differences. Qual Manag Health Care 2003; 12: 225-31.
Ravi B, Jenkinson R, Austin P C, Croxford R, Wasserstein D, Escott B, Pat-
erson J M, Kreder H, Hawker G A. Relation between surgeon volume and 
risk of complications after total hip arthroplasty: propensity score matched 
cohort study. BMJ 2014; 348: g3284.
Regenbogen S E, Greenberg C C, Studdert D M, Lipsitz S R, Zinner M J, 
Gawande A A. Patterns of technical error among surgical malpractice 
claims: an analysis of strategies to prevent injury to surgical patients. Ann 
Surg 2007; 246(5): 705-11.
Sloan F A, Hsieh C R. Injury, liability, and the decision to fi le a medical mal-
practice claim. Law Soc Rev 1995; 29(3): 413-35.
Statistics of Finnish Patient Insurance Center, 2014 [serial online]. Available 
from: http://www.pvk.fi /en/Statistics/.
Statistics of National Institute for Health and Welfare (THL), Finland, 2013 
[serial online]. Available from: http://www.julkari.fi /handle/10024/120409.
Studdert D M, Thomas E J, Burstin H R, Zbar B I W, Orav E J, Brennan T A. 
Negligent care and malpractice claiming behavior in Utah and Colorado. 
Med Care 2000; 38(3): 250-60.
Walmsley P J, Kelly M B, Hill R M, Brenkel I. A prospective, randomised, 
controlled trial of the use of drains in total hip arthroplasty. J Bone Joint 
Surg (Br) 2005; 87(10): 1397-401.
Wolf B R, Lu X, Li Y, Callaghan J J, Cram P. Adverse outcomes in hip arthro-
plasty: long-term trends. J Bone Joint Surg (Am) 2012; 94(14): e103.
Yasugana H, Tsuchiya K, Matsuyama Y, Ohe K. High-volume surgeons in 
regard to reductions in operating time, blood loss, and postoperative com-
plications for total hip arthroplasty. J Orthop Sci 2009; 14: 3–9.
Untitled-12.indd   9 1/19/2016   7:21:21 PM
217Acta Orthopaedica 2016; 87 (3): 209–217
D
ow
nl
oa
de
d 
by
 [T
am
pe
re 
Un
ive
rsi
ty]
 at
 02
:28
 23
 M
ay
 20
16
 
